




































           The issue of food security is still a critical problem for international development. There is 
still no single solution for this global concern therefore research must be able to narrow down the 
determinants in order to mitigate the harmful effects such as child malnutrition. This thesis will 
examine the causes and effect of household food security in the case of Zimbabwe. The first 
essay examines the determinants of food security, focusing on economic wealth and social 
networks. It was found that employment and asset ownership have a larger effect on decreasing 
the probability of household food security. The second essay examines the effect of food security 
and other determinants such as public infrastructure and household factors on child nutrition. It 
was found that household food security and dwelling type, as a proxy for income, had the most 
significant impacts on decreasing the probability of child malnutrition. These essays together 
show that improving income plays a central role in order to decrease household food insecurity 













Table of Contents 
CHAPTER 1 INTRODUCTION .....................................................................................................1 
CHAPTER 2 DETERMINANTS OF HOUSEHOLD FOOD SECURITY: ECONOMIC  
          STATUS VERSUS SOCIAL NETWORKS .............................................................6 
CHAPTER 3 WHAT ARE THE EFFECTS OF HOUSEHOLD FOOD SECURITY ON CHILD   
           NUTRITION?..........................................................................................................26 
CHAPTER 4 CONCLUSION .......................................................................................................49 
APPENDIX A................................................................................................................................52 










 Starvation, food shortages, and lack of safe foods remain significant global problems. 
Hunger tops the list of Millennium Development Goals (United Nations, 2012). Globally, it is 
estimated that there are approximately 850 million people who are undernourished. Since the 
early 2000s, the number of undernourished people in sub-Saharan Africa hovered around 215 
million, but the price shock of 2008 increased this number to nearly 240 million (FAO, 2011). 
Between 2003 and 2005 about 30 percent of the population in sub-Saharan Africa was 
undernourished (FAO, 2008). It is also estimated that about 45 percent of those undernourished 
are less than 15 years old and “that 39 and 29 percent of children of less than 5 years were 
stunted and underweight, respectively” (FAO, 2006). These escalating numbers are the primary 
reason that hunger and food security must continue to be researched and addressed.  
 Current research agrees that there are three main concepts of food security: availability, 
access and utilization (Barrett, 2010). The FAO reports that there is currently enough food 
produced worldwide to provide everyone with adequate calories (FAO, 2011). Therefore, 
globally speaking, availability is not the core of the global food crisis. The concept of access 
with respect to food security refers to what food the household can acquire. This refers both to 
what kinds of food are available and whether or not the household can afford them. Food 
security utilization refers to if the household uses the best options for food that it has access to 
and assess whether the household is healthy enough to absorb the nutrients from what they 
consume. The determinants of food security access and the consequences of poor food security 
utilization will be the focus of this thesis with respect to Zimbabwe. 
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 While working with USAID in Zimbabwe during the summer of 2011, I worked with the 
Food for Peace office in assessing the current food security situation. In the context of 
Zimbabwe, USAID defines a population as food insecure if they need more than three months of 
food assistance per year. It is assumed that most people will need assistance during the three 
months of the hunger season which falls from January to March. This provides an overview of 
just how serious the global food crisis is as Zimbabwe is not the most food insecure country in 
sub-Saharan Africa. The USAID definition of food secure still includes people receiving three 
months of food assistance per year. While working with USAID, I assisted in conducting 
household interviews on food security. The 2010-2011 season was drier than normal for 
Zimbabwe and most of the households we talked with knew they did not have enough food to 
make it through until the next harvest. While this was not considered a drought, many 
households reported eating only one meal a day while having to sell assets such as livestock in 
order to have money to buy food. The fact that the Zimbabwean people are already taking such 
drastic measures even without a drought having been declared, emphasizes how much more food 
security must be researched.  
Zimbabwe was once a country with great potential and many hopes for a bright future. It 
had a thriving agricultural sector and modern infrastructure in its urban areas. But since the 
1990s the country has been experiencing crisis after crisis due to government corruption, 
droughts, and economic collapse including one of the worst cases of hyperinflation in history. 
Currently Zimbabwe has a score of 0.376 and ranks 173rd on the United Nations Development 
Programme (UNDP) Human Development Index (HDI) out of 187 countries (UNDP, 2011). 
Their score has steadily declined since the mid 1990s and this once promising country now seen 
as more similar with poorer sub-Saharan African countries. Zimbabwe has faced many 
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challenges that make food security a difficult task. A huge driver of this is the corrupt 
government, which has appeared to lack interest on public spending or job creation. Another 
cause for Zimbabwe’s challenges has been the fast-track resettlement program, which started in 
2000 as an extension of the land reform that began in 1979. Before this program, Zimbabwe had 
a thriving agriculture sector and was a net exporter of food. The majority of the agricultural 
production was large, commercial, and owned by white farmers. This production brought money 
into the country and produced most of the country’s food. The government’s movement to 
redistribute land to the poor black population at first gave the white farmers the option to sell 
their land. But in 2000 this option for compensation was taken away and farms were taken away, 
often very violently, and redistributed. Land ownership was very skewed before this reform, 
however, there was no training or education involved in the redistribution this land. Overall the 
agricultural production in the country severely declined along with the economy as a whole. 
Now Zimbabwe is a net importer of food with a poor economy. Simply having access to food 
and being able to afford food has become a difficult task for many Zimbabweans.  
 This paper will look at household food security in Zimbabwe from two perspectives. The 
first essay will focus on the access aspect of food security, in other words what is deterring 
people the most from being food secure. In order to do this I will examine the determinants of 
household food security. This paper will look at the effect of economic status and social 
networks on household food security to see which has the larger impact. It uses a large 
household survey from 2004 and has both adult and child responses. In this study economic 
status will include household head occupation as well as the ownership of different assets. Social 
networks will include whether the household receives assistance and if they are involved in the 
community. These determinants have very different policy implications, which is why it is 
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important to see which particular one might increase food security more. Overall this essay 
found that economic status, which was measured by occupations and asset ownership, had a 
larger impact than social networks on household food security. This directs policymakers to 
focus on generating wealth at the household level instead of only focusing on social networks 
within a community. 
 The second essay focuses on the concept of utilization of food security. This is whether a 
household utilizes the best food that they have access to, if they choose nutritious food and if 
their body is healthy enough to absorb essential nutrients. In order to do this I will examine the 
determinants of household child nutrition. Food security is a determinant of child nutrition but 
there are many others that are also examined. This paper looks at the effect of public 
infrastructure, including water and sanitation, and household characteristics, including the 
dwelling type and household head occupation, on the nutrition of children under five in the 
household. A large household survey from 2002 was used and only households with children 
aged 5 years old or younger were included. Child nutrition is a common indicator to use for 
development. Many different aspects of a country affect child nutrition and determining which 
has the most profound impact can also help assist policymakers to make the right choices about 
development programming. This essay found that household food security and dwelling type had 
the largest impacts on child nutrition, both of these are a reflection of income and suggest that 
higher incomes would help improve child nutrition in Zimbabwe. 
 The concept of food security is complex and still does not have a universal measure. In 
order to best understand it and find ways to improve people’s food security it must be studied 
from different perspectives. This thesis considers food security in terms of the three pillars of 
availability, access and utilization. The main focus will be on access and utilization. These 
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essentially look at the cause and effect of food security. The rest of this thesis will be organized 
as follows: Chapter 2 will look at the determinants of household food security, economic status 
versus social networks. Chapter 3 will answer “what are the effects of household food insecurity 

















DETERMINANTS OF HOUSEHOLD FOOD SECURITY: ECONOMIC STATUS 
VERSUS SOCIAL NETWORKS 
 2.1 Introduction 
 The world population has just surpassed 7 billion people and while there is currently still 
enough food produced worldwide for everyone to consume adequate calories per day 
(FAOSTAT, 2011), household food security is still a challenge for people worldwide, especially 
those in developing countries. Particularly, sub-Saharan Africa faces challenges of erratic rains, 
poor soils, high poverty, and HIV/AIDS, all of which make it difficult to ensure access to enough 
food for everyone. According to the FAO there are 850 million undernourished people in the 
world and over a quarter of them reside in sub-Saharan Africa. Currently in Zimbabwe alone 
30% of the population is undernourished (FAO, 2011).  
 In this paper I will look at the relative effects of economic status and social networks on 
households’ food security in Zimbabwe. These have not been looked at before in comparison 
with one another in the case of Zimbabwe. This study will contribute to the understanding of 
food security in developing countries. Understanding the significance of economic status and 
social networks are important because each leads to very different types of projects. Economic 
status in this paper includes not only income but also assets. Increasing individuals’ economic 
status will help decrease food insecurity but in poor countries with limited formal employment 
and sporadic income, like Zimbabwe, increasing economic status is not that simple. While this 
may be the better route to increasing food security it could be the more difficult one. Social 
networks, on the other hand, are a main coping mechanism for those in developing countries, 
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people help each other when they can, trying not to let anyone slip too far behind. Social 
networks can have a residual effect in that people will share their new skills with each other and 
therefore the money spent on projects has a much larger impact. The term social network has a 
broad definition and can mean anything from going to church weekly to running a microcredit 
group to even just sitting outside the same shop every day and chatting with neighbors. Within 
this paper the two types of social networks that will be examined are receiving assistance and 
community involvement. These types of social networks could also be referred to as community 
safety nets. 
 In this paper I use a large household survey from Zimbabwe that looks at household 
economic status, social networks, and food security. I use a probit model with the various 
measures of food security as my dependent variable. Overall I found that the economic status 
measures of employment sector and asset ownership have a more significant effect on decreasing 
the probability of household food insecurity than the social network measures of receiving 
assistance and community involvement.  
2.2 Background  
Measuring and defining food security is a difficult task, currently the FAO defines food 
security as “when all people, at all times, have physical, social and economic access to sufficient, 
safe and nutritious food which meets their dietary needs and food preferences for an active and 
healthy life”. Such status is not the case for many people in sub-Saharan Africa (FAO, 2011). 
Current research agrees that food security has three central concepts: food availability, food 
access, and food utilization (Webb et. al., 2006), but there still is not a universally accepted tool 
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of measurement. This paper will focus on the access aspect of food security, in other words what 
factors affect a household’s ability to be food secure. 
 In the past the one of the most popular food security measures was national availability of 
food. While this is necessary for access to food it is not a sufficient condition for food security 
(Barrett, 2010), as “most of the food insecure regions have a positive daily per capita dietary 
energy balance” (Iram and Butt, 2004). According to Maxwell, another popular measurement of 
household food security was to estimate all the production and purchases of a household and 
estimate growth or depletion of food stocks over a period of time. This method makes the 
assumption that all food depletions mean the food was consumed (which may not be the case if 
storage facilities are poor) and these estimations would be difficult to do on a large scale 
(Maxwell, 1996). Other researchers have believed that the 24 hour recall method is the “gold 
standard” of food security which is interviewing people about everything they have consumed in 
the last 24 hours. This method also presents problems due to the short time period and human 
error potential (Maxwell et. al., 2008).  
 Today most measures look at household level food security and this can be done multiple 
ways also. It can include looking at caloric intake, health measures, or food expenditures. These 
tend to be measured by surveys, which have multiple methods. Some are much more in depth 
such as the U.S. Household Food Security Survey Measure, which has begun to be more widely 
adopted worldwide (Webb et. al., 2006), and others are simple questions such as asking if the 
household has enough food, such as the case of my data set. While researchers are still trying to 
find a universal food security measure, “research is appropriately and increasingly moving 
toward survey-based anthropometric and perceptions measures” (Barrett, 2010), which suggests 
that the method I am using to define food security is an accepted method. Also, as Maxwell 
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noted, using this type of measure “requires neither highly trained enumerators nor complex 
analytical procedures…and can be used in conjunction with relatively quick methods of data 
gathering” (Maxwell, 1996).  
 A possible shortcoming of this method is that for most agricultural based economies, 
food security is cyclical and will vary throughout the year. For Zimbabwe, the hunger season is 
from January to March, as seen in figure 1 with the prevalence of food insecurity throughout the 
year. While working with USAID in Zimbabwe, I learned that their definition of a food insecure 
household were those who needed more than three months of food aid because it was a given 
that people needed help during the hunger season. Depending on which month this data was 
collected, the results could be slightly skewed, but since the literature suggests this method and 
other papers have been written with this data and food security measure (Gundersen et. al., 2007; 
Kuku et. al., 2011), it is assumed to be an acceptable measure. Using this measure of food 
security, economic status and social networks and their effect will be examined.  
Economic status is a large factor in food security but in such poor countries it may not be 
the only determinant of food security. When a household has a consistent income it is much 
easier for them to be food secure (Iram and Butt, 2004), but in countries such as Zimbabwe only 
a small percentage of people are employed in the formal sector. Most people are involved in 
agriculture, which means their income is dependent on a good harvest and usually comes as a 
lump sum. This can be dangerous due to lack of banking institutions, possible inflation (which 
has plagued Zimbabwe in the past), or skewed market prices (all the shops increase prices when 
they know the farmers sold their harvest). Besides being able to help households consistently put 
food on the table, a strong economic status also helps households’ smooth consumption when 
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they experience shocks. They either have savings or, more common in developing countries, they 
are able to sell assets they have accumulated.  
The use of social networks is crucial in developing countries when sources of income are 
sporadic and unsure. Also, developing countries tend to have weak governmental social 
protection, which creates more of a need for social networks (Asaki and Hayes, 2011; Bird, 
2003). This is especially true in Zimbabwe, which has had the same corrupt government since 
independence in 1980. The term social network has a broad definition, in this paper I will narrow 
the definition and only look at receiving assistance and community involvement. Receiving 
assistance is an interesting determinant of food security, it could be thought that if you receive 
help then you may be less food insecure but on the other hand, if “wealthy households have 
enough resources to deal with a difficult situation [then they] do not need assistance from other 
households” (Dekker, 2004). This could create an issue of endogeneity when looking at this 
variable because those who choose to reach out for assistance could be inherently different than 
those who did not. As shown with the United States Supplemental Nutrition Assistance Program 
(SNAP), the more needy and food insecure households tend to self-select into assistance 
programs. In the case of SNAP, some people self-select by purposely decreasing their labor 
supply in order to receive more benefits (Ratcliffe et. al., 2011). In the case of my data set I feel 
that endogeneity is not an issue because those who did not receive assistance were asked why 
and only 2 percent stated it was because they did not need it. The most common answers were 
that people did not know where to go for assistance, it was not available or they were turned 
away. This suggests that the majority of my observations do need assistance and that there is not 
an inherent difference between those who receive it and those who do not but it is a matter of 
access. One type of assistance that is currently popular is cash transfers. A study by Adato and 
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Basset reports on cash transfer programs in Africa. There were unconditional cash transfer 
programs in Malawi, Mozambique, South Africa and Zambia which all resulted in less hunger 
reported in the households (Adato and Basset, 2009). Ntata also reported on a cash transfer 
program in Malawi that “made a substantial positive impact on the food security situation” 
(Ntata, 2010). Within the data set used in this essay the most popular type of assistance received 
was cash and all of the countries mentioned above are in southern Africa with three of the four 
bordering Zimbabwe. While Zimbabwe was not looked at in these studies, it is reasonable that if 
cash transfers were successful throughout the region that cash, as a form of assistance, could also 
be successful in Zimbabwe and help counter food insecurity. Within this study, I am most 
interested in assistance from community or family members. Although the studies mentioned 
above were government cash transfer programs it is still important to note that cash does have a 
positive impact on food security. 
Community involvement is also used as a proxy for social networks within this paper. 
Activities such as getting water or washing clothes allows people to expand their social network 
and if a person has a good friendship with neighbors they will probably get help when they need 
it most. Bird’s study in Zimbabwe found that “good linkages with neighbors were crucial to poor 
household’s survival chances”. Bird also found that households with social networks are able to 
borrow agricultural inputs and even labor. These would help improve agricultural production, 
which would hopefully mean better household food security (Bird, 2003). 
This study adds to the literature by increasing the understanding of the causes of food 
security in Zimbabwe and will show which has a larger relative effect on household food 
security, economic status or social networks. Each of these possibilities lead to different types of 
programs that could be implemented with respect to food security and poverty. These have not 
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been looked at together with respect to Zimbabwe. Understanding which of these has more of an 
impact will help policy makers create more effective future programming. 
2.3 Data and Methods 
2.3.1 Data Description 
The data used in this paper was taken from a household survey collected in 2004 from 
over 6,000 households across Zimbabwe. Catholic Relief Services (CRS) carried out the survey 
with funding from the United States Agency for International Development (USAID). The 
survey format was based on the 2002 Zimbabwe census. The sample consists of six districts used 
to represent the five areas of communal life in Zimbabwe: urban, peri-urban, rural, commercial 
farm, and resettlement. Within each district a sample of wards was taken and a sample of villages 
within each ward. The survey was unique in that both an adult and a child were interviewed and 
only households with at least one child between the ages of 6 and 18 were kept. The adult in the 
household was asked economic and demographic questions about the household and then a 
randomly selected child also answered questions. For the purposes of this paper the only 
responses used from the child survey will be for defining the household composition. The food 
security questions posed to the adult were: how many meals did you eat yesterday, how often do 
you have enough food, and how often do children in your family/household skip meals or eat 
less food. Responses for the first question were 0, 1, 2, 3, and >3 and responses for the last two 
questions were always, sometimes, rarely, or never. The first measure was created by building a 
binary variable, which takes the value of 1 if the respondent had 0 or 1 meal yesterday and 0 if 
they have two or more meals yesterday. The second measure was created by also building a 
binary variable that took value of 1 if the respondent answered that they rarely or never have 
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enough food and 0 for sometimes or always. The third measure was created by building a binary 
variable that took the value of 1 if the respondent answered that the children within the 
household always skip meals and 0 for sometimes, rarely, and never. These can be looked at as 
measuring different severity of food insecurity. The first measure is the least severe and more of 
an acute measure due to the possibility that the day before the interview was an off day in which 
the household had no food. The other two measures are more chronic measures with the 
household generally not having enough food and children always skipping meals, the later being 
most severe. 
2.3.2 Model Description 
To answer my question I will create three probit models with the food security measures as 
dependent variables. 
P(NOTENOUGHMEALSi| HHCOMP, ECONOMICSTATUS, SOCIALNET)   
=Φ (α+βHHCOMPi+πECONOMICSTATUSi+φSOCIALNETi+µi)    (1)        
P(CHILDRENSKIPMEALSi| HHCOMP, ECONOMICSTATUS, SOCIALNET) 
=Φ(α+βHHCOMPi+πECONOMICSTATUSi+φSOCIALNETi +µi)    (2)  
P(NOTENOUGHFOODi| HHCOMP, ECONOMICSTATUS, SOCIALNET)   
=Φ(α+βHHCOMPi+πECONOMICSTATUSi+φSOCIALNETi +µi)     (3)  
HHCOMP is a vector of covariates that reflects a household’s composition, including 
the number of members as well as the orphan status of the child interviewed. 
ECONOMICSTATUS is a vector of covariates reflecting a household’s ownership of certain 
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assets and income sources. SOCIALNET is a vector of covariates reflecting if the household 
receives assistance and is involved in the community. 
HHCOMP is the household composition, which includes the number of household 
members and the orphan status of the child interviewed. The orphan status is the only response 
used from the child survey and the options are double orphan, paternal orphan, maternal orphan, 
or non-orphan. Each household only falls into one of these categories dependent on the child’s 
response. The survey did not explicitly ask the child if their parents were alive, but through other 
questions such as ‘who takes care of you’ and ‘who do you talk to when you have problems’ it 
was determined if the child had either or both parents in their life. The definition of a double 
orphan within this paper is a child that did not refer to their mother or father as someone that 
takes care of them or that they talk to when they have problems. A household with a paternal 
orphan is therefore a child who only referred to their mother within these questions, a maternal 
orphan household is one that the child only referred to their father, and then a two parent 
household if the child referred to their mother and father within the questions. By defining this 
variable in this way, it is a possibility that one or both parents could be alive for the different 
orphan statuses, but if the child did not refer to them in either of these questions (in which they 
were allowed multiple answers) then it was assumed that that parent was not part of their life. 
Another issue with defining orphan in this manner could be the opposite in which a child 
identifies a ‘mother’ or a ‘father’ but they may not be their biological parents. The child could be 
a foster child in the household. Fostering is very common in developing countries, especially 
those with such high HIV/AIDS rates as it is common for a child to live with relatives even when 
one or both parents are alive, as they may be too sick to care for the child. A recent study on 
fostering in Burkina Faso found those households that fostered children were not made worse off 
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by this and that fostered children had higher school enrollment rates than their biological 
siblings. Although there could be some discrepancies on the definition of orphan, this study also 
concluded that households would be unlikely to foster a child if it would make their household 
worse off, therefore fostering a child may not have an effect on household food security (Akresh, 
2008). While the definition used here may not be a true definition of a child’s orphan status, it is 
the best option for the data available and was also used by Kuku et. al. (2011). The age of the 
child surveyed was not controlled for because this information was only included for the child 
surveyed and not the other children in the household. 
ECONOMICSTATUS includes variables for assets, the household condition and the 
income sector that the household head in employed in for each household. For assets, five 
dummy variables were created to show if households owned certain assets. I chose electricity, 
borehole or a tap for water, bicycle, bed, and a scotch cart from a list of sixteen. I chose assets of 
which less than 80% of the sample owned and those that I believed, from my observations in 
Zimbabwe, to be similar in character in rural and urban settings. In Zimbabwe electricity and the 
water source for the household are community level assets. When a household has access to 
these, it will usually mean that the surrounding community will also have access as well. 
Although these are not tangible assets, they add value to the house itself which is an asset. The 
use of modern household items has also become a common indicator of economic status (Madise 
et. al., 1999), which is why the ownership of a bed, bicycle and scotch cart is included. Bicycles 
and scotch carts can also be productive assets for a household by making traveling to a job easier 
or being able to transport more goods. Assets can be used as a two-fold proxy for economic 
status, owning assets decreases the chances of malnutrition, and therefore food security, and 
productive assets can also generate income for the household (Chowa et. al., 2010). Employment 
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sector is also used as a proxy for income, formal employment is considered a better job and has a 
higher and more consistent income than farming, trading or casual due to education and training 
needed (Kuku et. al., 2011).  
SOCIALNET includes variables for assistance and the household head’s involvement in 
community activities. Assistance received is whether the household received some kind of 
assistance to help with the care of the children within the household, some examples include 
cash, food and general child care. Whether or not the household receives assistance to care for 
children and the type of assistance they receive could also be affected by the number and ages of 
the other children in the household. For example most households could probably use cash 
assistance but those with older children would probably need less help because teenagers can 
care for younger siblings or earn money on their own. This variable is broken down by whether 
this help was given by an NGO or not. Assistance received from NGOs was overwhelmingly 
food donations which directly affects a household’s food security. This variable is trying to 
capture the effect of social networks within the community and those handouts from NGOs can 
have different effects than social networks created within the community. As stated above, I do 
not believe this variable to cause an endogeneity problem because only a small percentage of my 
sample reports not needing assistance. Other households not receiving assistance merely do not 
have access to it. Even thought I do not believe this to be an issue the determinants of household 
food security will also be examined without an assistance variable and results can be seen in 
Appendix A. The other variable to measure a household’s social network is a binary variable 
measuring whether or not the adult in the household participates in some community activity, for 
example church, a burial society or a club. Shortcomings of this variable include the lack of 
continuity of this measure and that the role of the adult within these activities is unknown. If the 
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number of activities participated in per household head and per household in general were known 
then a continuous variable could be created, but this was not available. In addition, not knowing 
the role of the adult within these groups is problematic as those in leadership roles within 
activities may have stronger social networks that the other members. Also, some of these 
activities could have different effects on food security, for example a microcredit group would 
have a much different effect than a sewing club. These could be paths for future research but 
within this study I am focusing solely on whether or not participating in any activity versus 
nothing has an impact on household food security. 
2.4 Results 
Table 1 shows descriptive statistics for the full sample, and the differences between the 
full sample and households broken down by orphan status of the child surveyed. There are no 
drastic differences between households with orphans.  Table 2 shows that those who are food 
insecure are statistically different from those who are food secure. Although orphan status and 
receiving assistance are not significantly different between the food secure and food insecure. 
Table 3 shows the differences between rural and urban households. Rural households have more 
food insecurity, worse household conditions, and less formal employment.  
Using the probit model in equations 1 through 3, I will look at the effects of economic 
status and social networks on household food security as reported by an adult. The assets that 
have a significant effect of the probability of a household being food insecure for multiple 
measures of food security are a borehole or tap, a bed and a scotch cart. A bed is significant for 
the last two food security measures at the 1% level but insignificant on the first. This could be 
due to the fact that the last two measures are chronic measures of food security and the first is 
 18 
more acute. The largest impact from the ownership of an asset was from the bed measure, 
households with beds were 13 percent less likely to report rarely or never having enough food. 
Asset ownership is an important determinant of household food security, owning all five assets 
looked at in this paper versus owning none decreases the probability of being food insecure by 
21.3 percent and 20.7 percent, for the last two, more chronic measures. And if formal 
employment is added to owning all the assets as well, probability of food insecurity decreases by 
37.7 and 30.0 percent. As expected, formal income has the largest significant impact on 
decreasing the probability of a household being food insecure. When compared to casual labor as 
the main income source, formal employment decreases the probability of being food insecure by 
7.6 percent, 18.5 percent and 12.4 percent for all measures, respectfully. Farming as the main 
income source also significantly decreased the probability of being food insecure across all three 
measures. The social network variables were not as significant as the economic status variables. 
Those households that reported being involved in some community activity significantly 
decreased their probability of being food insecure for all three measures ranging from about three 
percent to five percent. I think this is an important feature for policy makers to note and will be 
explained later on. Of the two different assistance variables and all food security measures, only 
one was significant, households that said they received assistance were 4.1 percent less likely to 
report rarely or never having enough food. It should be noted that in table 2, it was this measure 
that food secure group received more assistance than the food insecure group, which could 
explain this significance in the probit model. The model was also run without any assistance 
variable due to concern with the possibility of selection bias. These results can be seen in table 9 
in appendix A and have similar outcomes to the full model. Overall the social network variables 
had much lower significance compared to the economic status variables. It should be noted that 
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use of a social network may produce an improved economic status which could be the reason 
that these variables were insignificant or were significant with a low impact. 
 Other household characteristics that can influence food security relate are the household 
size and if the household lives in a rural area. Intuitively, more household members increase the 
probability that a household would be food insecure. Also, living in a rural area can also increase 
this probability, which is expected since rural households tend to be poorer than their urban 
counterparts. Table 10 in appendix A shows the results of the probit model with a rural 
interaction. Within these results the interaction terms are not significant and a likelihood ratio 
test confirms that the model with interactions is not a significantly better fit. 
2.5 Conclusion 
 Using a 2004 data set from Zimbabwe, I looked at the relative effects of economic status 
and social networks on household food security. While increasing economic status would be the 
most intuitive response to food insecurity, in poor developing countries this is not always a 
viable option. And for those in poor developing countries, social networks tend to be the main 
coping mechanism. Using a probit model I examined to see if economic status really did have a 
larger impact on household food security. Overall the asset ownership and income sources had a 
larger impact than the social network variables but the use of social networks may also be a 
determinant of higher economic status. 
 This is an important implication for policymakers because it can help guide future 
programming. Policymakers and the government officials need to decide what kind of 
development route to take. There are many different ways to approach development, they could 
focus on creating jobs to increase economic status, which if successful could have an almost 
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immediate impact on household food security. But people may not have the skills needed for 
these jobs and the rest of the population may not have money to purchase the goods or services 
produced from these new jobs. Another approach focuses more on training people or providing 
communities with assets such as dip tanks or livestock auction pens. This allows people to help 
themselves and create social networks. Although Zimbabwe has changed drastically since this 
data was collected and could potentially change even more with upcoming elections, I think the 
results found in this paper will resonate throughout different political and economic situations. 
 An important link to note would be the relationship between social networks and 
economic status. Social networks can be a path for people to increase their economic status. This 
approach would take more time than directly increasing peoples’ economic status but for 
countries not in emergency situations it could be a cost effective option. Zimbabwe is no longer 
considered in an emergency state, according to USAID, and many projects have now moved on 
to the development phase. While working with USAID in Zimbabwe I saw many projects of 
development moving forward including the building of dams, irrigation systems, dip tanks, and 
livestock pens. The people within these communities learned the skills to build, built an asset for 
their community and then earned a wage of either cash or food. These social networks will allow 
the whole community to slowly increase their economic status and become self-sufficient. Also, 
social network projects have a residual effect, while in Zimbabwe, I met with a women’s 
microcredit group of about eight women. Only these eight women were officially trained by the 
NGO but others saw their success and were interested. The first group then taught others and 
now there are over 20 microcredit groups in the area. This option is cost effective, teaches those 
within the community new skills, and provides the community with an asset. 
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 Overall economic status is an important factor in increasing household food security in 
Zimbabwe, but there are different ways to get that economic status. This is what policymakers 
have to decide because social networks are a cheaper option but they take time and training to 
implement. But since the main goal of international development is to help those in need and 
then make them self-sufficient, I think future programming needs to focus on helping people , 






















2.6 Tables and Figures 
Table 1. Summary Statistics  




orphan        
(2) 
Double 






Orphan                   
(5) 
Dependent Variable      
Food Security Measures      
0-1 meals previous day 0.125 0.134 0.127 0.117 0.128 
Rarely or never enough 
food 
0.397 0.425 0.387* 0.391* 0.345* 
Children Always skip 
meals 
0.225 0.221 0.234 0.218 0.251 
Independent Variable      
Assets      
Electricity 0.375 0.390 0.347* 0.370 0.511** 
Borehole or tap 0.668 0.667 0.660 0.664 0.770** 
Bed 0.640 0.653 0.628* 0.634 0.698** 
Bike 0.173 0.197 0.162* 0.157* 0.238 
Scotch cart 0.199 0.195 0.220 0.191 0.153 
Household Composition      
Household size 5.20 5.21 5.30 5.14 5.04 
Non-orphan 0.272     
Double Orphan 0.298     
Paternal Orphan 0.386     
Maternal Orphan 0.044     
Household Income      
Formal 0.145 0.151 0.122* 0.148 0.243** 
Trading 0.188 0.183 0.178 0.199 0.179 
Farming 0.205 0.186 0.239** 0.194 0.187 
Casual 0.462 0.48 0.461 0.459 0.391 
Assistance to care for 
children 
     
Receives assistance 0.489 0.464 0.522 0.484 0.472 
Receives assistance not 
from NGO 
0.177 0.173 0.174 0.177 0.226 
Community 
Involvement 
     
Involved in some activity 0.792 0.785 0.81 0.783 0.779 
Location      
Rural  0.709 0.716 0.728 0.698 0.634* 
Number of 
Observations 
5344 1453 1593 2063 235 
Note: ** indicates that the differences in the estimates are significantly different from column (5) at a 99 percent 
confidence level. * indicates that the difference in the estimates are significantly different from column (5) at a 95 
percent confidence level 
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Table 2. Descriptive Statistics by food insecurity measure  
 0-1 meals 
previous 
day           
                                                            




day                      
         





food                            










skip meals                
                           






meals              
(2) 
Assets       
Electricity 0.326** 0.382 0.307** 0.419 0.308** 0.394 
Borehole or tap 0.661 0.669 0.605** 0.710 0.571** 0.696 
Bed 0.571** 0.650 0.534** 0.710 0.539** 0.669 
Bike 0.141* 0.177 0.152** 0.186 0.153* 0.178 
Scotch Cart 0.160** 0.205 0.189 0.206 0.157** 0.211 
Household 
Composition 
      
Household Size 5.22 5.20 5.25 5.17 5.25 5.17 
Double Orphan 0.302 0.297 0.291 0.303 0.310 0.295 
Paternal Orphan 0.362 0.390 0.380 0.390 0.374 0.390 
Maternal Orphan 0.045 0.044 0.038 0.048 0.049 0.042 
Non-orphan 0.291 0.269 0.291* 0.260 0.267 0.273 
Household Income       
Formal 0.081** 0.154 0.084** 0.185 0.083** 0.163 
Trading 0.184 0.188 0.167** 0.202 0.181 0.190 
Farming 0.158** 0.211 0.184** 0.219 0.141 0.223 
Casual 0.577** 0.446 0.565** 0.395 0.595** 0.424 
Assistance to care 
for children 
      
Receives assistance 0.477 0.491 0.470* 0.501 0.488 0.489 
Receives assistance 
not from NGO 
0.173 0.178 0.162* 0.188 0.167 0.179 
Community 
Involvement 
      
Involved in some 
activity 
0.732** 0.800 0.760** 0.813 0.747** 0.805 
Location       
Rural 0.768** 0.700 0.779** 0.663 0.763** 0.693 
Note: ** indicates that the differences in the estimates in columns labeled (1) are significantly different from 
columns labeled (s) at a 99 percent confidence level. * indicates that the difference in the estimates in columns 







Table 3. Probit analysis  
 0-1 meals 
previous 
day 





Assets    
Electricity -0.029 0.010 -0.116* 
 (0.077) (0.062) (0.070) 
Borehole or tap 0.085* -0.119*** -0.227*** 
 (0.051) (0.041) (0.045) 
Bed -0.074 -0.332*** -0.193*** 
 (0.052) (0.042) (0.046) 
Bike -0.108* -0.040 -0.001 
 (0.064) (0.049) (0.054) 
Scotch Cart -0.160** -0.078 -0.171*** 
 (0.064) (0.050) (0.056) 
Household Composition    
Household Size 0.008 0.016* 0.017* 
 (0.011) (0.009) (0.010) 
Double Orphan -0.031 -0.104** 0.050 
 (0.059) (0.047) (0.052) 
Paternal Orphan -0.080 -0.092** -0.016 
 (0.056) (0.044) (0.049) 
Maternal Orphan 0.005 -0.140 0.181* 
 (0.114) (0.093) (0.098) 
Household Income    
Formal -0.390*** -0.542*** -0.451*** 
 (0.084) (0.063) (0.071) 
Trading -0.007 -0.090 -0.043 
 (0.080) (0.064) (0.069) 
Farming -0.232*** -0.265*** -0.401*** 
 (0.064) (0.049) (0.056) 
Assistance to care for 
children 
   
Receives assistance -0.070 -0.119*** -0.032 
 (0.052) (0.041) (0.045) 
Receives assistance not from 
NGO 
0.079 0.067 0.052 
 (0.068) (0.054) (0.060) 
Community Involvement    
Involved in some activity -0.154*** -0.119*** -0.134*** 
 (0.054) (0.044) (0.048) 
Location    
Rural 0.183** 0.123* -0.043 
 (0.092) (0.073) (0.082) 
Constant -0.891   
(0.125) 
0.223          
(0.100) 
-0.129        
(0.111) 
Number of Observations 5343 5343 5343 
*Significant at 10% **Significant at 5% ***Significant at 1% 
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WHAT ARE THE EFFECTS OF HOUSEHOLD FOOD SECURITY ON CHILD 
NUTRITION? 
3.1 Introduction 
The issue of hunger has been a principal topic in international development for many 
years. It has reached such proportions that it is at the top of the list for the Millennium 
Development Goals (United Nations, 2012). A critical condition for battling hunger is food 
security. One of the major consequences of food insecurity is child malnutrition. As noted 
before, current research agrees that there are three main pillars of food security: availability, 
access and utilization (Webb et. al., 2006). There is currently enough food produced in the world 
for everyone to have adequate caloric intake (FAO, 2011) but issues of access and utilization are 
the causes of food insecurity and hunger. The relationship between food security and access was 
discussed in the previous chapter. In terms of utilization of food security, a common way to 
measure it is though anthropometric measures in children (Labadarios et. al., 2011). These 
measures in children are also common proxies for nutrition. Child malnutrition is one of the 
damaging outcomes of food insecurity and “is the single leading cause of the global burden of 
disease” (Pongou et. al., 2006). Child nutrition is commonly used as an indicator for 
development because it reflects many facets of a country. It is a reflection of infrastructure, 
health care, education, incomes and many more. Child malnutrition and mortality rates can give 
an overall picture of what is happening within a country. Child malnutrition can also be an 
indicator of what is to come for a country because “depriving infants and young children of basic 
health care and denying them the nutrients needed for growth and development sets them up to 
fail” (UNICEF, 2008). This means a malnourished population can lead to lower human capital 
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within an economy, which hinders the entire process of development. In general a common 
method to measure the utilization of food security is child nutrition in that measure this can give 
a great deal of insight in terms of what is happening in a country. 
 In this paper I will look at the effects of household food security and other factors on 
child nutrition in Zimbabwe. This is important because other studies did not focus specifically on 
Zimbabwe. Many include Zimbabwe in studies with many other African countries. Or are not 
focused on the determinants of child nutrition. Alderman et. al. (2006) did a study on only 
Zimbabwe but examined the consequences and not the determinants of child malnutrition. The 
ability to narrow down the various influences on child nutrition can help focus programming so 
the future work force of Zimbabwe, and developing countries in general, is healthy and more 
efficient. Food security is a necessary factor in good childhood nutrition, but there are many 
other factors that influence this as well. I also examine public infrastructure such as toilet 
facilities and water sources, as well as demographic factors such as household income source, 
household dwelling type, orphan status of the child and location. 
 This paper uses a large household survey from Zimbabwe that looks at infrastructure, 
household resources, including food security, and child nutrition. I use a probit model with 
various child nutrition measures as my dependent variables. Overall I found that a household’s 
food security status has the most significant impact on a child’s underweight status. Also, the 
dwelling type a child lives in, which can be a proxy for household wealth, was significant for 
both underweight and stunted status. Another significant determinant was the sex of the child, as 




 Household food security has a direct impact on child nutrition. In order for a child to 
have the opportunity to be healthy their household must have food. Many other factors play into 
a healthy child and since “child growth is internationally recognized as an important public 
health indicator for monitoring nutritional status and health in populations” (de Onis and 
Blossner, 2003), it is important to examine these other factors. There are also serious long-term 
consequences to child malnutrition that can have detrimental effects to a society, which will be 
explained in this section. 
 Determinants of child malnutrition will also be explained in this section. Poor child 
nutrition can reflect poor sanitation (Apodaca, 2008; Christiaensen and Alderman, 2004; Madise 
et. al., 1999; Pongou, 2006), poor water sources (Apodaca, 2008; Christiaensen and Alderman, 
2004; Pongou, 2006), prevalent illnesses (Madise et. al., 1999); Pongou, 2006), and health 
services (Pongou, 2006) within a country. UNICEF cites poorly resourced health and nutrition 
services, food insecurity, inadequate feeding practices, lack of hygiene and access to safe water 
or adequate sanitation, female illiteracy, and early pregnancy as underlying causes of under 
nutrition (UNICEF, 2008).  
3.2.1 Long term consequences of child malnutrition 
Child nutrition is a crucial measurement for international development because it reflects 
many different factors related to hunger within a country. Children need proper resources during 
the first years of life and even before that. Galler and Barrett state, “the second trimester of 
pregnancy until the infant is 2 years olds constitutes the most vulnerable period of brain 
development” (Galler and Barrett, 2001). Poor nutrition at the beginning of life leads to long-
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term consequences that will affect the child their entire life and can also have detrimental effects 
on the next generation. Malnourished children tend to be shorter (Alderman et. al., 2006), have 
lower human capital (Alderman et. al. 2006; Fotso, 2007; Smith et. al. 2000), are more burdened 
by illness (Alderman et. al., 2006; Apodaca, 2008; Madise et. al. 1999), have reduced social 
skills (Galler and Barret, 2001), have completed less grades in school (Alderman et. al. 2006), 
and have lower IQ scores (Galler and Barrett, 2001). Alderman found that better nutrition in pre-
school aged children was associated with greater height attained in adolescence and that 
increased height-for-age is associated with more schooling (Alderman et. al., 2006). Alderman 
also brought up that malnourishment in a child has an immense “loss of future earnings” and 
tends to be cyclical. Less educated and unhealthy women have higher chances of complications 
during childbirth and lower birth weight babies (Alderman et. al. 2006). The loss of human 
capital, or future earnings, was also echoed by Smith, “the human capital basis [is needed] for 
accelerated economic growth and national development” (Smith et. al., 2000) and by Fotso, 
“malnutrition hinders human capital and contributes to the perpetuation of the cyclical nature of 
poverty” (Fotso, 2007). The most recent report from Save the Children stated that adults who 
were malnourished as children earn twenty percent less, on average, than those who were not 
(Save the Children, 2012). This shows the severity that malnutrition can have on not only on 
households but on the national economy scale as well. Galler and Barrett found a number of long 
term effects of child malnutrition on their mental function. These effects include a higher 
percentage of attention deficit disorder, reduced social skills, decreased IQ scores and delayed 
cognitive development (Galler and Barrett, 2001). All of these consequences of malnutrition can 
lead to the child having a lower quality of life. Physically, a malnourished child will not be able 
to be as efficient as their well-nourished peers. This will have a ripple effect throughout 
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children’s lives as most developing countries have very labor-intensive activities. Malnourished 
children may not have the cognitive abilities to continue to higher education and hopes for a 
better job. UNICEF states “when children are well nourished and cared for and provided with a 
safe and stimulating environment, they are more likely to survive, to have less disease and fewer 
illnesses and to fully develop thinking, language, emotional and social skills”(UNICEF, 2008).  
The effects of malnutrition are felt from the individual to the national level and over 
generations, the malnourished children today mean a weaker future workforce. Malnutrition 
enables the cycle of poverty to continue and a major stepping stone for having significant 
economic development is having a healthy population.  
3.2.2 Determinants of child malnutrition 
There are many determinants that can affect child nutrition, those looked at within this 
paper will be: drinking water, toilet facilities, type of dwelling, household head occupation, the 
household’s food security, and the orphan status of the child who’s measurements were taken. 
Child nutrition is much more than having food to eat. A child may have been born healthy and 
their household may have enough nutritious food but poor sewage or drinking water could cause 
an illness that makes them too sick to eat or unable to utilize the food they do consume.  
The ability to narrow down the determinants of child nutrition will allow for more 
effective future programs and policies. At the most basic level malnutrition is caused by a poor 
diet and illness (Save the Children, 2012). Even when food is available, having an illness can 
cause the body to not absorb the nutrients which can still lead to malnutrition. Two commonly 
used proxies for illness are sanitation and drinking water sources. Illnesses caused by poor 
sanitation and drinking water include: gastroenteritis, typhoid, cholera, dysentery, hepatitis, 
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severe acute respiratory syndrome and most commonly diarrhea (Cuesta, 2007). Poor sanitation 
and water can make it impossible for the children’s body to utilize the food consumed (Apodaca, 
2008; Pongou et. al. 2006). The World Health Organization found that poor sanitation and water 
account for 4-8 percent of the overall burden of diseases in developing countries and nine out of 
ten diarrheal diseases (WHO, 2002). The importance of proper sanitation and drinking water has 
been demonstrated throughout the literature. In Madise’s study of six sub-Saharan countries, the 
majority of the countries showed significant results for improved sanitation. The source of 
drinking water also can lead to these illnesses in children, especially in developing countries. 
Iram and Butt (2004) showed that access to safe water significantly increases caloric intake, 
Pongou et. al. (2006) showed that improved water increased average weight-for-age and height-
for age, and Apodaca (2008) showed a decrease in stunting with improved water. Sanitation and 
water facilities partially reflect the household’s ability to invest in such items but as for many 
developing countries, including Zimbabwe, these facilities are also a huge reflection of the 
government’s ability to provide public infrastructure. A 2008 cholera outbreak and an October 
2011 typhoid outbreak that is still ongoing have emphasized the poor sanitation and water 
facilities in the country, even within the capital city. Al Jezeera cites the country’s poor 
infrastructure for these outbreaks and since the recent outbreak thousands of cases of diarrhea 
have been reported and children have died (Al Jezeera, 2012). 
The economic wealth of a household is also a vital determinant of child nutrition. In this 
paper the type of dwelling and occupation of the household head are used to provide a picture of 
the household’s wealth. Most studies on the determinants of child malnutrition have an income 
variable but if that is not available, dwelling type and occupation have been common measures 
throughout the literature. Madise et. al. (1999) and Hackett et. al. (2009) both control for the type 
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of dwelling. Besides type of dwelling a household has, the location is also important, mainly in 
terms of urban versus rural households. It is generally accepted that rural households are poorer 
than their urban counterparts and therefore have higher malnutrition. Many papers control for 
whether there are animals near the home in that these factors could easily contaminate the 
environment in and around the home and could also make the children sick (Garrett and Ruel, 
1999; Hackett et. al., 2009; Masangwi et. al., 2010). My observations in Zimbabwe included 
seeing cows, goats and chickens roam around in and out of the house more than occasionally. 
With animals and children playing in the same area it is very easy for the children to get sick 
from the animal feces contamination when they put their hands in their mouths. This is a possible 
explanation for worse child health in rural areas but Fotso shows that the rural-urban differential 
in child malnutrition significantly decreased by 8.8 percent between 1988 and 1999 which 
suggests that the ‘urban advantage’ has almost diminished in Zimbabwe (Fotso, 2007).The 
household head’s occupation is also a proxy for household income and was included in child 
nutrition studies by Iram and Butt (2004), Madise et. al. (1999) and Pongou et. al. (2006). 
Another household characteristic that is significant to look at, especially in countries with high 
HIV rates, is the orphan status of the child. This is also important because paternal orphans tend 
to be better off in terms of health than maternal orphans (Kimani-Murage et. al., 2011). Maternal 
orphans are usually in households with better incomes and assets but the father’s tend to spend 
their money on themselves instead of the children (Hoddinott and Haddad, 1995). Kimani-
Murage’s study in Kenya found that when comparing orphans versus non-orphans, orphans are 
more food insecure but there is no significant effect on their nutritional status (Kimani-Murage 
et. al., 2011). This suggests that orphans are treated worse than non-orphans but not severely or 
for a long enough period of time to have nutritional impacts. 
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Areas that my data is lacking relate to maternal education and intra-household allocation. 
Much of the research cites maternal education as an important determinant for decreasing child 
malnutrition, for example Cuesta (2007), Iram and Butt (2004), Madise et. al. (1999), Pongou et. 
al. (2006), Susilowati and Karyadi (2002), and Willey et. al. (2009). It is widely accepted that 
women will tend to spend money with their household and especially children in mind, while 
men tend to spend money on themselves. If these mothers had more education then this could 
have a positive influence on hygiene practices and the types of food consumed in the household. 
Unfortunately my data did not have parental education levels, but since Zimbabwe’s 
independence in 1980 they have had high primary school enrollment rates. While there is no 
variable for this, it could be assumed that most mothers have at least a primary education. In 
terms of intra-household allocation, it has been shown that children in Zimbabwe tend to be 
protected from food insecurity. But even if children are protected there can still be distribution 
differences between children which could affect child nutrition and these could be based on 
productivity, age, or gender (Kuku et. al., 2011). Unfortunately this is out of the scope of this 
paper because the anthropometric measures used to define child nutrition were only taken for 
children ages five years and younger. Many households also have children older than five years 
and without their anthropometric measures it would be difficult to examine the effect of intra-
household allocation on child nutrition but this could be a path for future research. 
3.3 Data and Methods 
3.3.1 Data Description 
 The data used in this paper was taken from a household survey collected in 2002 from 
households in Zimbabwe. Catholic Relief Services (CRS) collected data about all members in 
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households with funding from the United States Agency for International Development 
(USAID). They collected over 1,500 observations. The survey format was based on the 2002 
Zimbabwe census. The survey was conducted in the provinces of Manicaland, Midlands, 
Masvingo, Matabeleland South, Bulawayo and Mashonaland West in order to represent both 
urban and rural areas. Within each province a district was selected, then a sample of wards was 
taken, and a sample of villages within each ward. Only households with children under the age of 
18 were kept. For each household the household head provided sociodemographic information 
for each household member. This paper is looking at child nutrition therefore only households 
with children aged 5 years or younger were kept. Child anthropometric measures were taken by 
CRS and those taken were weight, height, and middle upper arm circumference. Using 
anthropometric measures is an internationally recommended evaluation method of malnutrition 
at population level (de Onis, 2003). The middle upper arm circumference measure was omitted 
from this paper due to lack of accurate measurement. While this measure is desirable to some 
because children tend to be less agitated by it and therefore it can be a more accurate measure of 
malnourishment (Myatt et. al., 2005), the data within this paper tended to round most of the 
observations to the nearest whole centimeter, which made it a very inaccurate measurement. 
Research shows that height and weight for age measurements are proxies for both chronic and 
acute malnutrition. Low height-for-age or stunting is a reflection of a child being exposed to 
chronic malnutrition (Apodaca, 2008; Friedman et. al., 2005). Low weight-for age or 
underweight, with the absence of stunting, is a reflection of acute malnutrition (Madhavan and 
Townsend, 2007). The dependent variables for the two models in this paper are binary variables 
created with the anthropometric measures. Children were considered to be underweight or 
stunted if their measurement was lower than two standard deviations of the World Health 
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Organization’s (WHO) reference population for relevant age and sex. This is one of the most 
widely used methods to define malnourishment and has been used in numerous papers including: 
de Onis and Blossner, 2003; Porter, 2010; Friedman et. al., 2005; Madise et. al., 1999; Madhavan 
and Townsend 2007; Pongou et. al. 2006; and Schoeman et. al. 2006. Many of the survey 
questions utilized in this paper had a high number of possible responses. Instead of using all of 
these, I broke them down into categories of good, medium and poor based on my observations in 
Zimbabwe. The final data set used has 773 observations nested within 579 households. The 
model was controlled for clustering for observations from the same household.  
3.3.2 Model Description 
To answer my question I will create two different probit models with the child health 
measures as my dependent variables. I chose the probit model because defining underweight or 
stunted status in a dichotomous way allows for a more clear understanding of the results rather 
than using a continuous measurement. Also, much of the research also uses this method: Fotso 
(2007), Friedman et. al. (2005), Hackett et. al. (2009), Madise et. al. (1999), and Willey et. al. 
(2009). 
P(UNDERWEIGHTi| WATERSANITATION, HHCHARAC, HHFOODSECURITY) 
=Φ(α+βWATERSANITATIONi+πHHCHARACi+φHHFOODSECURITYi+µi)       (1)  
P(STUNTEDi| WATERSANITATION, HHCHARAC, HHFOODSECURITY) 
=Φ(α+βWATERSANITATIONi+πHHCHARACi+φHHFOODSECURITYi+µi)       (2)  
WATERSANITATION is a vector of covariates that reflects the public infrastructure 
the household has access to including toilet facilities and drinking water sources. This includes 
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the toilet facilities and the drinking water source that the household utilizes. Within the survey 
used there were seven options for toilet facilities: flush toilet, pour flush latrine, blair latrine, 
traditional pit latrine, bucket, bush method and cat method. This vector also includes the 
household’s drinking water source, which had eight possible responses in the survey. These 
included; public tape, borehole, river/dam, piped into dwelling, protected spring, protected well, 
unprotected well and piped into yard. Both of these variables were then broken down into the 
categories of good, middle and poor as mentioned above. 
HHCHARAC is a vector of covariates reflecting the type of dwelling the family lives in, 
the occupation of the household head, the sex of the child being measured and the orphan status 
of that child. This includes the variables that affect child nutrition and are more within the 
household’s control than the infrastructure variables. This vector includes dwelling type, which 
had four options in the survey: pole and dagga, brick and corrugated roof, shack-plastic roof and 
tin house. This also includes the occupation of the household head and there were ten options for 
this category within the survey: no formal employment, general worker, subsistence farmer, 
informal trader, handicraft, skilled worker, farm worker, piece work, chicken rearing, and 
remittances. Both of these variables were then categorized into good, medium and poor as 
mentioned above. Also looked at was the orphan status of the child whose measurements were 
taken. To define this variable, it was asked if the child’s parents were alive. Within this survey 
the guardian who was surveyed answered questions about the children being measured due to the 
child’s age. This will hopefully give a more accurate orphan definition instead of using a child 
response. This is also a much more of a literal definition for orphan as compared with the 
definition in the previous chapter and with this definition it is possible that the child has a parent 
who is alive but does not play an active role in the child’s life. Controlling for a child’s orphan 
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status is important in a country with such high HIV rates, as it is not uncommon for a child to 
have lost one or both of their parents.  
HHFOODSECURITY is a vector with the two measures of household food security. 
The first measure is a binary variable that takes the value of one if the household head answers 
rarely or never to “Do you have adequate food all the time?”. The second food security measure 
is a categorical variable that corresponds to the household head’s response to “How many meals 
do you have per day?”. The household head answers this question for the entire household, 
therefore there is no variation which is another reason that intra-household allocation would be 
difficult to measure. Using two food security measures instead of one helps give a better picture 
of the household’s food situation as there are some observations who say they have enough food 
but consume one meal per day and others saying they don’t have enough food but they consume 
three meals per day. 
3.4 Results 
 Table 4 shows the descriptive statistics for the full sample and also the differences broken 
down by food security status. As expected, food insecure children tend to have worse nutrition 
measures as well as poorer water, toilet and housing facilities. Table 5 shows the descriptive 
statistics by orphan status. Double orphans seem to be better off than the full sample and 
maternal or paternal orphans. Maternal orphans are not significantly different from non-orphans, 
which could be due to the small sample size. Table 6 shows the descriptive statistics for 
underweight and stunted children. Figures 2 and 3 break down weight and height by age and sex 
and also by underweight and stunted status. The dashed lines in the graphs are the WHO child 
growth standards for that age and sex group, these are the cut offs used in this analysis to 
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determine underweight or stunted children. As seen from the figures and summary statistics, 
stunted children are a much larger issue than underweight children, which follows the findings of 
the Zimbabwean government. The 2010 Millennium Development Goals Status Report found 
rates of child malnutrition to be fluctuating around 18 percent and states that “according to the 
National Centre for Health Statistics (NCHS) references, these percentages of affected children 
in Zimbabwe are mostly determined by the effects of stunting and not by acute malnutrition” 
(Government of Zimbabwe, 2010). Both underweight and stunted children are significantly 
different than their healthy counter parts. 
 Table 7 shows the results of the probit models used to examine the determinants of child 
malnutrition. The type of dwelling that a child lives in is the most significant variable in both the 
models. As compared with a good dwelling, a middle quality dwelling significantly increases the 
probability of being underweight by 14.5 percent. In terms of stunting, as compared with good 
quality housing, a poor quality house significantly increases the probability of being stunted by 
10.0 percent. Living in a rural setting also increases the probably of being stunted by 17.2 
percent. This contradicts Fotso’s findings that the urban-rural gap for child malnutrition was 
shrinking in Zimbabwe (Fotso, 2007). The water and sanitation variables could have a different 
effect in rural settings, the probit results for interacting the rural variable can be seen in table 11 
in appendix B. Although the interactions are significant, other variables are dropped due to 
multicollinearity which suggests this model is not a good fit. Table 12 in appendix B shows the 
results for interacting food security and toilet facilities. These are important to look at together 
because even with food poor toilet facilities could make a child malnourished and vice versa, 
good toilet facilities will not help a child’s nutritional status if they have no food to eat. The 
results from this model also suggest that the interaction is not a god fit. As stated before, the 
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double orphans in this data set are better off than other types of orphans and even than the full 
sample. The model shows that being a double orphan significantly decreases the probability of 
being underweight by 16.5 percent. The probit model also shows that female children are 
significantly better nourished in terms of weight and height. This is also what was found in 
Madise’s study of six sub-Saharan countries, but it was also noted that there could be region 
differences within countries (Madise et. al., 1999). Being female decreases the probability of a 
children being underweight or stunted by 7.5 percent and 7.3 percent respectfully. 
 In terms of food security, which has already been referenced as a necessary condition for 
child nutrition, rarely or never having enough food and the number of meals a household eats 
daily were examined. Within table 7 these are both included in the model. Rarely or never having 
enough food increases the probability of being underweight and as expected, an increased 
number of meals per day does improve a child’s nutrition on both measures and significantly 
improves a child’s weight status. The difference in probability of being underweight with two 
versus three meals per day was minimal but increasing from one to two meals per day 
significantly decreases a child’s probability of being underweight by 14.8 percent. Table 8 shows 
the results of the probit model when the food security measures are examined separately. The 
measure of rarely or never having enough food does become more significant when meals are 
not included but still has a p-value=0.174 for underweight status and p-value=0.296 for stunted 
status. When only looking at the meals measure, increasing the number of meals eaten per day 
still significantly decreases the probability of being underweight. Food security does not have a 
significant effect on stunting in any of the models which could be due to the fact that this is a 
more chronic measure. 
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The water and sanitation variables representing the public infrastructure that a household 
has access to were not statistically significant in any model. It should be noted that the toilet 
facilities variable, when looking at underweight status, had p-values ranging from 0.105 to 0.128. 
These measures are almost significant and suggest that worse toilet facilities increase the 
probability of a child being underweight demonstrating that toilet facilities do play a role in child 
nutrition.  
3.5 Conclusion 
 Using a 2002 data set from Zimbabwe, I examined the determinants of child nutrition. 
While food security is a necessary factor in child nutrition, there are many other determinants as 
well. Examined in this paper were the public infrastructure the household has access to and other 
household characteristics that could affect the health of the children. Overall it was shown that 
the household dwelling, food security, and child’s orphan status had the most significant impacts 
on child health. 
 Although previous research has shown the effects that poor water and sanitation can have 
on child health, this study illustrates that first and foremost child health is in the hands of the 
household. A poor quality dwelling is evidence of low income and therefore probably low food 
security, which is the first hurdle to having a healthy child. The main implication for policy 
makers from this study is that in order to battle child malnutrition people need more income and 
food security. Although public infrastructure, as well as improving water and sanitation, is 
important to aid in this, the results found here would suggest that increasing incomes at the 
household level should take priority over improving the public infrastructure. Other research 
(Fay et. al. 2005; Pongou et. al., 2006; Susilowati and Karyadi, 2002) has found that water and 
 41 
sanitation are important for child health, therefore for overall improvement in development 
improving incomes and public infrastructure need to occur. 
 The fact that housing is significant is not surprising. From my observations in Zimbabwe, 
rural housing varied a lot. Some dwellings consisted of one solidly built building with multiple 
rooms, similar to what is common in the United States. These were the houses that tended to 
have fenced areas for the households’ animals to graze. Other dwellings consisted of multiple 
huts very close together that served as different rooms but in these situations people tended to 
stay outdoors. These poorer dwellings did not have solid doors or windows, if any at all. Poorer 
dwellings had chickens and dogs going in and out of housing units. There were goats and cows 
wandering everywhere. These animals were defecating both in and around the dwellings. 
Children were also playing around the property without much supervision. Children have a 
tendency to touch things and put their hands in their mouths, which can easily lead to illness. 
Urban dwellings do not have the problem of these animals roaming in and out but they do have 
issues of bugs and rats that live off of the garbage in the street. Besides dwelling condition being 
reflective of income, poor quality housing can also have negative health implications. This may 
explain the lack of significance from the occupation variable, which is only a reflection of 
income and does not have any direct health implications.  
 When a household’s economic status increases they tend to first buy food and once they 
are food secure then they can start improving other aspects of their life such as their housing. But 
there are many possible paths policymakers could take to take in order to improve a household’s 
economic status. There is no single solution that will help everyone and this is where more 
research is needed in order to determine the most efficient way to improve the incomes and 
livelihoods of the Zimbabwean people. As stated in the previous chapter, increasing people’s 
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economic status will probably need to be a mixture of creating both income generating activities 
as well as social networks for people to fall back on. 
 An easier solution for the government could be to improve the public infrastructure of 
water and sanitation services around the country as this would not need additional research, but 
also would not have as significant of impact as improving incomes. Recently it was announced 
that Zimbabwe would use $40 million from the International Monetary Fund (IMF) to update the 
water and sanitation systems around the country. This is good news for the Zimbabwean people 
but it is unfortunate that it took a typhoid outbreak in the capital of Harare, the wealthiest area of 
the country to bring attention and funding to a serious infrastructure problem with direct 
connections to overall public health and issues relating to hunger. If the wealth of the people of 
Zimbabwe is improved then they will become less reliant on the government and better 














3.6 Tables and Graphs 








Adequate   
(3) 
1 Meal 
per day           
(4) 
2 or 3 Meals 
per day          
(5) 
Child Health Measures      
Underweight 0.353 0.389 0.300* 0.494 0.320** 
Stunted 0.682 0.713 0.644 0.715 0.680 
Drinking Water      
Good 0.285 0.194 0.426 0.177 0.312 
Mid 0.609 0.687 0.488 0.709 0.584 
Poor 0.106 0.119 0.086 0.114 0.104 
Toilet Facilities      
Good 0.303 0.219 0.432** 0.202 0.328** 
Mid 0.506 0.553 0.432** 0.525 0.501 
Poor 0.191 0.228 0.135* 0.272 0.171* 
Dwelling Unit      
Good 0.490 0.396 0.637** 0.361 0.524** 
Mid 0.172 0.217 0.102** 0.177 0.171 
Poor 0.338 0.387 0.261** 0.462 0.306** 
Rural 0.781 0.857 0.663** 0.835 0.767 
Occupation      
Good 0.180 0.098 0.307** 0.082 0.205** 
Mid 0.244 0.263 0.214 0.342 0.219* 
Poor 0.560 0.639 0.479** 0.576 0.576 
Food Security      
Rarely or never enough 
food 
0.608   0.911 0.530** 
Number of meals per 
day 
     
1 0.204 0.306 0.046**   
2 0.586 0.621 0.531*   
3 0.210 0.072 0.422**   
Orphan Status      
Non-Orphan 0.633 0.615 0.660 0.633 0.632 
Double Orphan 0.110 0.108 0.112 0.063 0.122* 
Maternal Orphan 0.041 0.043 0.040 0.038 0.042 
Paternal Orphan 0.216 0.233 0.188 0.266 0.203 
Female Child         0.504 0.489 0.528 0.550 0.493 
Number of 
Observations 
773 470 303 158 615 
Note: ** indicates that the differences in the estimates in columns (2) and (4) are significantly different from 
columns (3) and (5) at a 99 percent confidence level. * indicates that the difference in the estimates in columns (2) 
and (4) are significantly different from columns (3) and (5) at a 95 percent confidence level 
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Table 5. Comparisons of Children by Orphan Status 






Orphan       
(3) 
Maternal 
Orphan         
(4) 
Paternal 




     
Underweight 0.353 0.386 0.188** 0.312 0.359 
Stunted 0.682 0.705 0.671 0.750 0.623 
Drinking Water      
Good 0.285 0.254 0.423** 0.219 0.317 
Mid 0.609 0.626 0.518 0.656 0.599 
Poor 0.106 0.121 0.059** 0.125 0.084 
Toilet Facilities      
Good 0.303 0.258 0.459** 0.344 0.347* 
Mid 0.506 0.507 0.447 0.531 0.527 
Poor 0.191 0.235 0.094** 0.125 0.126** 
Dwelling Unit      
Good 0.490 0.452 0.565 0.531 0.557* 
Mid 0.172 0.186 0.153 0.063* 0.162 
Poor 0.338 0.362 0.282 0.406 0.281 
Rural 0.781 0.814 0.659* 0.906 0.725* 
Occupation      
Good 0.180 0.215 0.106** 0.219 0.108** 
Mid 0.244 0.262 0.165* 0.344 0.216 
Poor 0.560 0.523 0.729** 0.438 0.677** 
Food Security      
Rarely or never 
enough food 
0.608 0.591 0.600 0.625 0.659 
Number of meals 
per day 
     
1 0.204 0.204 0.118 0.187 0.252 
2 0.586 0.564 0.659 0.625 0.605 
3 0.210 0.231 0.223 0.187 0.144* 
Female Child         0.504 0.493 0.541 0.500 0.521 
Number of 
Observations 
773 489 85 32 167 
Note: ** indicates that the differences in the estimates are significantly different from column (2) at a 99 percent 
confidence level. * indicates that the difference in the estimates are significantly different from column (2) at a 95 





Table 6. Comparisons of Children by Health Status 















Child Health Measures      
Underweight 0.353   0.444 0.161* 
Stunted 0.682 0.857 0.591**   
Drinking Water      
Good 0.285 0.190 0.334** 0.251 0.355** 
Mid 0.609 0.685 0.569** 0.630 0.566 
Poor 0.106 0.124 0.096 0.119 0.078 
Toilet Facilities      
Good 0.303 0.194 0.360** 0.266 0.380** 
Mid 0.506 0.560 0.477 0.512 0.492 
Poor 0.191 0.245 0.163* 0.222 0.128** 
Dwelling Unit      
Good 0.490 0.363 0.557** 0.442 0.591** 
Mid 0.172 0.227 0.143* 0.190 0.136 
Poor 0.338 0.410 0.300* 0.368 0.273* 
Rural 0.781 0.846 0.748 0.829 0.686 
Occupation      
Good 0.180 0.165 0.187 0.175 0.190 
Mid 0.244 0.278 0.227 0.269 0.190* 
Poor 0.560 0.557 0.585 0.556 0.620 
Food Security      
Rarely or never enough 
food 
0.608 0.670 0.573* 0.636 0.554 
Number of meals per day      
1 0.204 0.286 0.159** 0.214 0.186 
2 0.586 0.542 0.612 0.594 0.570 
3 0.210 0.172 0.229 0.192 0.244 
Orphan Status      
Non-Orphan 0.633 0.685 0.604* 0.645 0.595 
Double Orphan 0.110 0.059 0.139** 0.108 0.116 
Maternal Orphan 0.041 0.037 0.044 0.045 0.033 
Paternal Orphan 0.216 0.220 0.213 0.197 0.256 
Female Child        0.504 0.460 0.529 0.478 0.566* 
Number of 
Observations 
773 276 497 531 242 
Note: ** indicates that the differences in the estimates are significantly different from columns (2) and (4) at a 99 
percent confidence level. * indicates that the difference in the estimates are significantly different from column (2) 




Table 7. Probit Model 
 Underweight Stunted 
Drinking Water   
Gooda   
Mid -0.121    
(0.281) 
-0.303   
(0.248) 
Poor -0.056    
(0.318) 
-0.063   
(0.293) 
Toilet Facilities   
Gooda   




Poor 0.483     
(0.307) 
0.150   
(0.261) 
Dwelling Unit   
Gooda   
Mid 0.408** 
(0.166) 
0.240   
(0.164) 








Occupation   
Gooda   
Mid -0.041    
(0.177) 
0.099   
(0.171) 
Poor -0.091    
(0.152) 
-0.152   
(0.144) 
Food Security   




Number of meals per day   
1a   
2 -0.380*** 
(0.144) 






Orphan Status   
Non-orphana   
Double Orphan -0.478*** 
(0.175) 
0.057   
(0.161) 




Paternal Orphan -0.009   
(0.123) 
-0.115   
(0.126) 
Female Child -0.212** 
(0.097) 
-0.192*   
(0.098) 
Number of Observations 773 773 
aomitted category *Significant at 10% **Significant at 5% ***Significant at 1% 
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Table 8. Probit Model with Separate Food Security Measures 
 Underweight Stunted Underweight Stunted 
Drinking Water     
Gooda     
Mid -0.100 -0.275 -0.120 -0.266 
 (0.274) (0.248) (0.279) (0.249) 
Poor -0.051 -0.049 -0.064 -0.041 
 (0.311) (0.292) (0.316) (0.294) 
Toilet Facilities     
Gooda     
Mid 0.409 -0.059 0.427 -0.066 
 (0.270) (0.236) (0.280) (0.236) 
Poor 0.484 0.163 0.489 0.157 
 (0.297) (0.261) (0.306) (0.260) 
Dwelling Unit     
Gooda     
Mid 0.380** 0.228 0.399** 0.248 
 (0.167) (0.164) (0.165) (0.162) 
Poor 0.297** 0.287** 0.268* 0.294** 
 (0.147) (0.138) (0.148) (0.139) 
Rural -0.177 0.468** -0.151 0.469** 
 (0.198) (0.185) (0.205) (0.187) 
Occupation     
Gooda     
Mid -0.014 0.120 -0.049 0.121 
 (0.175) (0.170) (0.177) (0.171) 
Poor -0.089 -0.138 -0.081 -0.127 
 (0.152) (0.144) (0.151) (0.144) 
Food Security     
Rarely or never enough food 0.154 0.112   
 (0.113) (0.107)   
Number of meals per day     
1a     
2   -0.401*** -0.043 
   (0.139) (0.135) 
3   -0.416** -0.101 
   (0.174) (0.168) 
Orphan Status     
Non-orphana     
Double Orphan -0.515*** 0.033 -0.493*** 0.036 
 (0.174) (0.161) (0.174) (0.162) 
Maternal Orphan -0.129 0.109 -0.112 0.107 
 (0.218) (0.253) (0.222) (0.256) 
Paternal Orphan 0.006 -0.117 -0.007 -0.116 
 (0.123) (0.126) (0.123) (0.126) 
Female Child -0.180* -0.208** -0.206** -0.216** 
 (0.097) (0.098) (0.108) (0.098) 
Number of Observations 773 773 773 773 
aomitted category *Significant at 10% **Significant at 5% ***Significant at 1% 
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Figure 2. Height by age and sex
 





 Household food security is a crucial step in international development and a major part of 
ending the cycle of poverty. Since households’ not having enough food is the main driver of 
child malnutrition, household food security determinants must be narrowed down in order to 
improve programming. The long-term consequences of child malnutrition resonate through 
generations and severely hinder a country’s ability to improve their development. This thesis 
examined the determinants of household food security in Zimbabwe and then the effects of this 
and other factors on child nutrition. 
 The first essay aimed to identify the determinants of household food security in 
Zimbabwe. This paper examined the effects of the household’s economic wealth and their social 
networks on household food security. In developing countries with low formal employment and 
income, it is not uncommon for people to create their own social support networks with friends, 
neighbors or family in order to help with hardships. Using a large household survey from CRS, 
the effects of these variables on household food security were examined using a probit model. 
This study found that a household’s economic status had the greatest impact on their food 
security situation. As this seems intuitive, it is still an important point to be made in a country 
with low formal employment. Although economic status had the larger impact, social networks 
are also important for development. Being involved in an activity within the community, which 
was a variable for the social network covariate, significantly decreased the probability of being 
food insecure on all measures.  
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This finding helps draw the conclusion that the best way to improve household food 
security is not one or the other but a mixture of income and social network generating activities. 
Instead of only aiming at increasing incomes, policymakers need to focus on both in order to 
make people more self-sufficient. If the focus is only on income, then the next negative 
idiosyncratic shock could bring a household back to where they started. The inclusion of social 
networks creates a support system so this will not happen.  
 The second essay aims to understand the effects of food security on child nutrition and 
also find other determinants of child nutrition. Food security is a necessary condition of child 
nutrition but other factors play a role also. There are many long-term consequences to child 
malnutrition, including shorter stature, more illnesses, and lower IQ. Child malnutrition is part of 
the vicious cycle of poverty as it leads to low human capital which leads to low production as 
well as an unhealthy next generation. Using a large household survey from CRS, the 
determinants of child nutrition were assessed with a probit model. The main covariates examined 
were public infrastructure the household used, which included their toilet and water facilities, 
and household characteristics, such as dwelling type and household head occupation. The study 
found that besides food security the dwelling type a child lived in also had significant effects.  
With dwelling being a reflection of a household’s income, as well as their food security, 
this study concluded that the most effective way to combat child malnutrition would be to 
increase incomes for households in Zimbabwe. But, while not significant in this study, the public 
infrastructure available to households is also very important to child nutrition. This essay shows 
that improving incomes would have the most immediate effect on child nutrition. While 
improving incomes is not a quick fix it could be faster than a country trying to improve their 
public infrastructure. But other research has shown that improving public infrastructure is an 
 51 
important role in development as well. As explained in Chapter 3, Zimbabwe has recently 
committed to improving their water and sanitation facilities. If the government also made an 
effort to create jobs and generate income at this time as well, Zimbabwe could see dramatic 
improvements in a relatively short period of time. 
 Understanding both the causes and effects of household food security in developing 
countries is vital for international development. This thesis has shown that a key solution to both 
the cause of food security as well as an effect of food security is to increase the incomes of those 
food insecure households. While this seems intuitive I think it is an important point to emphasize 
since food security can have many implications on a country. This also stresses the fact that 
income generation needs to be at the core of all development practices. Further research needs to 
be done on all of these topics because it is the interaction of everything examined in this thesis 
that could be a possible path to improving development in Zimbabwe and other developing 










Table 9. Determinants of Household Food Security Without Assistance Variables 
 0-1 meals 
previous day 




Assets    
Electricity -0.019 0.026 -0.111 
 (0.076) (0.062) (0.069) 
Borehole or tap 0.086* -0.120*** -0.226*** 
 (0.051) (0.041) (0.045) 
Bed -0.076 -0.337*** -0.193*** 
 (0.052) (0.042) (0.046) 
Bike -0.109* -0.041 -0.001 
 (0.064) (0.049) (0.054) 
Scotch Cart -0.157** -0.076 -0.171*** 
 (0.064) (0.050) (0.056) 
Household Income    
Formal -0.381*** -0.527*** -0.447*** 
 (0.083) (0.063) (0.071) 
Trading -0.010 -0.090 -0.045 
 (0.080) (0.063) (0.069) 
Farming -0.234*** -0.266*** -0.402*** 
 (0.063) (0.049) (0.056) 
Household Composition    
Household Size 0.007 0.014 0.017* 
 (0.011) (0.009) (0.010) 
Double Orphan -0.033 -0.110** 0.048 
 (0.059) (0.047) (0.052) 
Paternal Orphan -0.081 -0.094** -0.017 
 (0.056) (0.044) (0.049) 
Maternal Orphan 0.006 -0.140 0.182* 
 (0.114) (0.092) (0.098) 
Community Involvement    
Community Activity -0.155*** -0.125*** -0.134*** 
 (0.053) (0.044) (0.047) 
Rural 0.177* 0.119 -0.048 
 (0.092) (0.073) (0.082) 
Number of observations 5343 5343 5343 





Table 10. Determinants of Household Food Security with Rural Interaction 
 0-1 meals 
previous day 




Assets    
Electricity -0.199 -0.165 0.076 
 (0.220) (0.183) (0.210) 
Electricity*Rural 0.191 0.201 -0.219 
 (0.234) (0.194) (0.222) 
Borehole or tap -0.016 0.072 -0.277* 
 (0.181) (0.143) (0.146) 
Borehole or tap*Rural 0.108 -0.211 0.058 
 (0.189) (0.149) (0.154) 
Bed -0.076 -0.333*** -0.191*** 
 (0.052) (0.042) (0.046) 
Bike -0.110* -0.041 -0.003 
 (0.064) (0.049) (0.054) 
Scotch Cart 0.061 0.078 0.439 
 (0.569) (0.450) (0.445) 
Scotch Cart*Rural -0.223 -0.154 -0.617 
 (0.572) (0.452) (0.448) 
Household Income    
Formal -0.392*** -0.541*** -0.443*** 
 (0.084) (0.064) (0.071) 
Trading -0.015 -0.088 -0.031 
 (0.081) (0.064) (0.070) 
Farming -0.562 -0.154 0.005 
 (0.478) (0.287) (0.308) 
Farming*Rural 0.338 -0.112 -0.416 
 (0.482) (0.290) (0.312) 
Household Composition    
Household Size 0.008 0.016* 0.017* 
 (0.011) (0.009) (0.010) 
Double Orphan -0.030 -0.102** 0.047 
 (0.059) (0.047) (0.052) 
Paternal Orphan -0.080 -0.089** -0.019 
 (0.056) (0.044) (0.049) 
Maternal Orphan 0.006 -0.140 0.176* 
 (0.114) (0.093) (0.098) 
Assistance to care for children    
Receive Assistance -0.068 -0.118*** -0.034 
 (0.052) (0.041) (0.045) 
Receive Assistance Non NGO 0.079 0.066 0.053 
 (0.068) (0.054) (0.060) 
Community Involvement    
Community Activity -0.154*** -0.114** -0.133*** 
 (0.054) (0.045) (0.048) 
Rural -0.091 0.145 0.118 
 (0.277) (0.226) (0.249) 
Number of observations 5343 5343 5343 
*Significant at 10% **Significant at 5% ***Significant at 1% 
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APPENDIX B 
Table 11. Probit Model with Rural Interactions 
 Underweight Stunted 
Drinking Water   
Gooda   
Mid 0.964 -0.045 
 (0.784) (0.910) 
Poor 1.246 -0.223 
 (0.949) (1.026) 
Drinking Water*Rural   
Gooda   
Mid -5.213*** -3.779*** 
 (0.280) (0.285) 
Poor -5.427*** -3.359*** 
 (0.611) (0.562) 
Toilet Facilities   
Gooda   
Mid -1.046 0.005 
 (0.941) (1.016) 
Poor 4.472*** 4.189*** 
 (0.848) (0.966) 
Toilet Facilities*Rural   
Gooda   
Mid 5.492*** 3.980*** 
 (0.598) (0.545) 
Poor (dropped) (dropped) 
   
Dwelling Unit   
Gooda   
Mid 0.391** 0.232 
 (0.166) (0.164) 
Poor 0.251* 0.271* 
 (0.148) (0.140) 
Rural (dropped) (dropped) 
Occupation   
Gooda   
Mid -0.080 0.104 
 (0.177) (0.171) 
Poor -0.088 -0.142 
 (0.151) (0.145) 
Food Security   
Rarely or never enough food 0.040 0.097 
 (0.125) (0.118) 
Number of meals per day   
1a   
2 -0.417*** -0.036 
 (0.145) (0.139) 
3 -0.400** -0.054 
 (0.191) (0.184) 
Orphan Status   
Non-orphana   
Double Orphan -0.505*** 0.043 
 (0.176) (0.163) 
Maternal Orphan -0.108 0.110 
 (0.221) (0.253) 
Paternal Orphan -0.007 -0.113 
 (0.124) (0.126) 
Female Child -0.215** -0.216** 
 (0.097) (0.098) 
Number of Observations 773 773 
aomitted category *Significant at 10% **Significant at 5% ***Significant at 1% 
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Table 12. Probit Model with Food Security and Sanitation Interaction 
 Underweight Stunted 
Drinking Water   
Gooda   
Mid -0.122 -0.285 
 (0.282) (0.249) 
Poor -0.071 -0.079 
 (0.319) (0.295) 
Toilet Facilities   
Gooda   
Mid 0.447 0.008 
 (0.312) (0.271) 
Poor 0.586 0.563 
 (0.372) (0.350) 
Toilet Facilities*Rarely or never 
enough food 
  
Gooda   
Mid 0.065 0.122 
 (0.161) (0.155) 
Poor -0.046 -0.339 
   
Dwelling Unit   
Gooda   
Mid 0.391** 0.248 
 (0.166) (0.162) 
Poor 0.262* 0.287** 
 (0.147) (0.139) 
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